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Background of the Invention 

SfT* 5 ta Rtg/Us to Inventions Made Under 
Federally-Sponsored Research and DevelopmZ 

mJTs T wrk T mcd during *• deve,opraeM of * is 

AG1 899-0, f^T.eNa^InsUtu.esofHealthCNrH). ^government 
may have certain rights in this invention. 

Field of the Invention 

anytad. so™™* candid** sgenB for ^ ^ „ ^ £ 

Related Art 

^'^'»»fA«ta tebn , i „ isbd ,. evedlooom[fliiileio 

«M« of „ c.^ ^ depMiBi , ' 
<AD » «*-. Hoc AW. A«t » 

(W84)) - « " **- »ch tap, ^ proteta 

l-m <APP> qh, ^ ^ :73J . 736 ' 

•M «MI» 0987); Gold**, „ W:877 . l80 ^ 

*— — - «•« Tta cause of Acer's ,, lsease 
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rcmains elusive; however, the discovery of mutations of APP close to or 
within the AB domain (Goate et al.. Nature 349:704-706 (1991)- Levy et al 
Science 2^:1124-1126 (1990); Murrell etc!., Science 254:97-99 (1991)' 
Hendricks etc!.. Nature Genet. 7:218-221 (1992). linked to familial AD 
(E. Levy et al., Science 24&1124 (1990); AB Goate et al.. Nature 349:704 
(1991); M. Chartier-Harlin et al.. Nature 353:m (1991); J. Murrell M 
Farlow, B. Ghetti, M.D. Benson, Science 254:97 (1991); L. Hendricks etal 
NatureGenet. 7:218(1992); M. Mu\hn etal.. Nature Genet. 7:345(1992))' 
indicates that the metabolism of A* and APP is likely to be intimately 
involved with the pathophysiology of this disorder. 

Soluble A0 is secreted in cell cultures and is found as a 40-residue 
peptide(A<W in the cerebrospinal fluid (CSF) (Shoji et al., Science 258:126- 
129 (1992); Seubert et al.. Nature 359:325-327 (1992); Haass et al.. Nature 
559:322-325 (1992)), but is not found at elevated levels in sporadic AD cases 
(M. Shoji et at.. Science 258:126 (1992); P. Seubert et al.. Nature 359:325 
(1992)). Physiological factors which can induce the aggregation of soluble AB 
are of interest in determining the cause of A/J amyloid formation. Synthetic 
A/U remains soluble at concentrations up to 16 mg/ml in neutral phosphate 
buffer (Tomski & Murphy, Arch. Biochem. Biophys. 294:63043* (1992)) 
indicating mat overproduction of soluble A* cannot sufficiently explain A/? 
precipitation. Hence, biochemical mechanisms which promote A/3 amyloid 
formation in sporadic cases would appear to be relevant to the pathogenesis 
of AD. Furthermore, soluble AB in cerebrospinal fluid is not increased in AD 
cases (Shoji etal.. Science 255:126-129 (1992)), indicating that other 
pathogenetic mechanisms are likely to be involved. 

In recent years, the study of Aj? peptide has led to making cell lines 
that express or overexpress AB or its precursor protein, APP or increased 
amounts of its more amyloidogenic A/J MJ form. See N. Suzuki et al.. Science 
26*1336-1340 (1994); X-D Cai etal., Science 259:514-516 (1993); F.S. Esch 
et al., Science 2^:1122-1124 (1990). Moreover, monoclonal antibodies to 
A* peptide have been generated (see, e.g. U.S. patent serial number 
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5.231,000. issued July 27. 1993). THese monoclonal antibodies are useful as 
reagents for use in detecting presence of A0 amyloid. 

Summary of the Invention 

TTie process described in this invention involves the rapid induction of 
Afi amyloid by a heavy metal cation such as zinc to form amyloid In a 
preferred embodiment of the invention, the proportion of an A/J^ solution 
which remains filtrable after incubation with zinc is assayed and the effects of 
candidate pharmacological agents on the filtrate are measured to determine 
the,r ability to maintain the solubility of A0 in physiological solution and thus 
prevent A/5 amyloid formation. 

A method for the in ^ induction of A0 amyloid has been previously 
described (J.T. Jarrett et at., Biochem. 52:46934597 (1993)). However this 
method has many disadvantages, such as a requirement for high concentrations 
of peptide and prolonged incubation periods (days) with results that are 
qualitative rather than quantitative. In contrast, some of the major advantages 
of the present invention are that the technique is reliable, rapid (can be carried 
out in minutes), is easily quantifiable, and is achieved with low micromolar 
concentrations of peptide. 

Hence, the present invention relates to an in yitro method for the rapid 
screening of candidate reagents which are likely to be effective in preventing 
or reversing the formation of amyloid deposits'//, vivo which are characteristic 
of Alzheimer's disease and related pathological conditions. Promising 
candidate reagents which are selected through one of the in vitro methods of 
the present invention may then be tested for their effectiveness in vivo in 
patients which are suffering from Alzheimer's disease or who are at risk for 
developing Alzheimer's disease. 

One aspect of the invention relates to a rapid analytical method for 
detection of A(3 amyloid formation in a biological fluid which comprises: 
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(a) preparing a first set of reaction mixtures comprising neat 
biological fluid from a control human subject, and serial dilutions of the same 
made in aqueous buffer or physiological solution; 

(b) preparing a second set of reaction mixtures comprising neat 
biological fluid from a human patient suspected of amyloidosis, and serial 
dilutions of the same made in aqueous buffer or physiological solution; 

(c) adding an equal amount of Afl peptide comprising at least amino 
acids 6 to 28 of AB to each serial dilution sample; 

(d) contacting each of the first and the second set of reaction 
mixtures with an amount greater than 300 nltf of a heavy metal cation capable 
of binding to an A0 peptide comprising at least amino acids 6 to 28 of Aft 

(e) ^ centrifuging each of the first and the second sets of reaction 
mixtures to give a first and a second set of pellets, respectively; and 

(0 comparing the amount of amyloid in the first and the second set 
of pellets and thereby detecting excessive A0 amyloid formation in the 
biological fluid from the human patient suspected of amyloidosis. 

A second aspect of the invention relates to a method for determining 
whether a compound inhibits the formation of A0 amyloid which comprises: 

(a) pre-filtering an aqueous buffer solution of A0 peptide, which 
comprises al least the region in the A/? peptide from amino acid number 6 to 
28 to give a first filtrate; 

(b) measuring the amount of A/3 peptide in the first filtrate obtained 
in step (a); 

(c) contacting the first filtrate obtained in step (a) with a heavy 
metal cation capable of binding to the peptide comprising at least amino acids 
6 to 28 of A0 to give a reaction mixture; 

(d) contacting the reaction mixture obtained in step (c) with a 
candidate anti-amyloidotic agent; 

(e) filtering the reaction mixture obtained in step (d) to give a second 
filtrate; and 
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(0 comparing the amount of A0 peptide in the second nitrate with the 

canAdate compound inhibits formation of A/J amyloid. 

A third aspect of me invention relates to a method for determining 
whether a compound inhibit formation of A/? amyloid which «JT 

(a) assembling a first and a second reaction mixture, wherein each 
«-on «*» comprises an eouai amount of a pre-filter* A^p" 
:r n ' ; W ; h « «« * ^ the A, peptide tLZl 

EU : Cr 6 10 28 ' Md " W bu <*' or physiologicai ^o, 

an eoual'T? 8 "* " * *" " - ^ 1* 

an equal amount of a candidate anti-amyloidotic agent- 

capableof ** ^ ^ *»> «- — 

capable of brndrng to the peptide comprising at least amino acids 6 to 28 of 

(d) contacting the second reaction mixture with EDTA- and 

(e) comparing the amount of amyloid formed in the first reaction 

*e cand.date compound inhibits the formation of A* amyloid 

A fourth aspect of the invention relates to a method for determining 

whether a compound inhibits formation of A* amyloid which comprT 
(a) assembling a first and a second reaction mixture, wherein each 

-cuon mature comprise, an equal amount of a prefiltered A* peptide 

number 6 to 28. and an aqueous buffer or physiological solution- 

. (b) contacting each of the first and the second reaction mixtures with 
an equal amount of a candidate anti-amyloidotic agent; 

capable of btndmg to the peptide comprising at least amino acids 6 to 28 of 
Ap; and 
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(d) comparing the amount of amyloid formed in the first reaction 
mature with that in the second reaction mixture, thereby determining whether 
the compound inhibits formation of A0 amyloid. 

A fifth aspect of the invention relates to a method for determining 
whether a compound inhibits formation of Aj3 amyloid which comprises: 

(a) establishing a first and a second cell culture comprising a cell 
line which expresses at least a human A0 peptide comprising at least the 
region of the A/J peptide from amino acid number 6 to 28; 

(b) contacting equal concentrations of zinc to each cell culture; 
(0 contacting the first cell culture with the candidate agent and 

contacting the second cell culture with a heavy metal cheating agent; and 
(d) comparing the amount of amyloid and zinc-induced Aff 

aggregates in each cell culture, thereby determining effectiveness of the 

candidate anti-amyloidotic agent. 

A sixth aspect of the invention relates to a method for determining 

whether a compound inhibits formation of A/3 amyloid which comprises: 

(a) establishing a first and a second cell culture comprising a cell 
hne which expresses at least a human A/> peptide comprising at least the 
region of the A0 peptide from amino acid number 6 to 28; 

(b) contacting the first cell culture with zinc to give. a first reaction 
mixture; 

(c) contacting the first reaction mixture and the second cell culture 
with the candidate agent; and 

(d) comparing the amount of amyloid and zinc-induced A/? 
aggregates in each cell culture, thereby determining effectiveness of the 
candidate anti-amyloidotic agent. 

A seventh aspect of the invention relates to a kit for determining 
whether a compound inhibits formation of A/J amyloid which comprises a 
earner means being compartmentalized to receive in close confinement therein 
one or more container means wherein 
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(a) the first container means contains a peptide comprising 
at least the region of the A0 peptide from amino acid number 6 to 28; and 

(b) a second container means contains aheavy metal cation. 

Brief Description of the Figures 

n<3s. la, lb, lc, Id and le. Analyses of «Zn" binding to A* 
yaiuesshownaremeansiS.D.,^3. (la) Scatchard plot> 
A0 were incubated (60 min) with «Zn»* in the presence of varying 
concentrations of unlabeled Zn" (0.01-50„m total): ^proportion of «Zn>* 
bmding to immobilized peptide (1.0 nmol) described two binding curves as 
shown. The high-affinity binding curve has been corrected by subtracting the 
low-affinity component, and the low-affinity curve has had the high-affinity 
component subtracted, (lb) Bar graph showing the specificity of the Zn>* 
binding site for metals. A0 was incubated (60 min) with «Z„- (157 nM 
138,000 cpm) and competing unlabeled metal ions (50 ftM total), (lc) Bar 
graph showing «Zn>- (74 nM, 104.000 cpm) binding to negative (aprotinin 
insuhn a-chain, reverse peptide 40-1) and positive (bovine serum albumin 
(BSA)) control proteins and A/3 fragments (identified by their residue numbers 
withm the A* sequence, glnll refers to A0,. a where residue 1 1 is glutamine) 
Percent binding of total counts "Zn'Vmin added is corrected for the amounts 
On nanomoles) of peptides adhering to the membrane. (Id) Scatchard plot 
As for (la), with A0, n peptide substituting for *W 157 nw «Zn (138,000 
cpm) ,s used in this experiment to probe immobilized peptide (1.6 nmol). (le) 
Graph showing the pH dependence of «Zn" binding to A/W 

FIGs. 2a, 2b and 2c Effect of Zn" and other metals on A* 
poIymerizaUonusingGSOgelfihraUon chromatography. Results shown are 
motive of n > 3 experiments where 55 „g of A0 is applied to the column 
and eluted in 15 ml, monitored by 254 nm absorbance. (2a) A graph 
showing the chromatogram of A/? in the presence of EDTA, 50 M M, Zn»*. 0 4 
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■mount, (esunu^ tm „ ^ of ^ 

mononcr. <fa«. or polynKr i„ *e presaKe „f ^ meal ^ 

P-M . ft, praaKe „ ^, ^ ^ 

~*«— « ^^n 8 »« fftt80 fp,J^ 
a* with BSA upon the ««, of « spede, ta ,h! 

of* ^• 3 "'" ,d3,> - W-*-*** «ff«s 

show.,8 fc eo^,. fc JM _ of 

-Pen.™ „*, l^d. * 10 „ of G50 fcphtufcx. m to ' 
» ™tfo. „ m m of Afl 

starting absorbance. 

nGs - * " d *• HT« «r Zn» opoo A, nsSaum «. 
^■oo. (4., Ablo,of ttw0 cdi 8 ,«sof W ( 1 3.9 w[ ). fi . r i rabMionwjlh 
.ncramng conation, „f „,« ^ jn mlcromotaf) _ 
Coon^ ffl,. Digestion p^ „ „ ^ ^ ^ z| ^ 

WW, as well „ uMljeswl Aft„ (4.3 kDa). are indicated on tne M n, 
m of the ,ow ^ ^ (Jn>) ^ ^ 

■*<•»»«.. to «* «b) Abar^aowinj^.^,, 
"ypucigestionp^toc. TVMotta.wtae^^.^. fcT ^ 
band, excbed, te ^ ^ fw ^ ^ ^ 

'"Wicalofn ^replicated expertnMitt. 
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a " d >• were symtotej oy _,„, ^ „„ / 

"T S0, "'' 0nS (,6 " M > " — — Pr«-fllKred (Spta-x 

P eel ulose - acetate 7nn^ u . ^ ^. ^ostar, U.2 

' * EDTA (50 * M > or metal chloride salts incubaarf nn 

^ - JT IT" * fc ~ fll - od - * 

^ ui me uu 3l4l titrated against human am a o 

«o 20 „M in the buffer, usedTn *1 "° MnCCntmions «* 

lin^rt , • experiments), was determined to be 

fnear) relative to the 0D JM 0 f te unfiItered * 

triplicate, unless indicated, (ft AeraDh l J points are in 

. , J 1081 8 ra P h lowing the proportions of A/? 

Br. «- M W „. Hlrvart Med|e „ School) was added to u„,abe W V. 
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number of the metal species is indicated f6d> A u • 

Hfe. 7a, 7b, 7c mi 71. Ste or 

C* *J or EDTA (50 „M> ^ ^ m|m rf ^ * 

— O^po* fliter, (Ultnfree-MC, Millipore) w ere USC d for 

I,, «* discrepancy b^ me ^ ^ ^ ^« 

Colters). <7c, Al.^^^ 

^ *■ * ^ Zn: A, assen*^ 

-MM in d* a,** tah. „.« determine „ y 0Dn< ^ 

Zn reteurt 1M0 „« filraie „„ by 

(ICs fc Md ,„. Zhobduc^i ttactori., 
(to) Ztnc-taduced to™ ^ rKclplust ^ ^ 

Pamcte diameter is 40/4. A0,.* (200 id x 25 tiM in buffer 1 (100 mM W 
of 25 mM Zn . The mixture „ „.„ „ x I; 

™T ta boffer 1 000 mM Naa 20 ■* Tris - Hci ' "« ™> ♦' 

EDTA (50 M . petaed 1Kl ^ ( , , 

■»» 1 (100 mM Nad. 20 mM Tris-HO. p„ 7.4, a* mounted for 
«W Tta «me ^ 
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■narffestog green birefringence. rae experin™ „ 

(50 mM)^^,.,^.^^^^^ with EDTA 

HG. 9. a graph dowiog the effect of zinc and copper upon 

urnan and . pep^ solutions (16 ^ r „ ^ 
^•^.O^cen^ncec^^ 

-~ (30 minotes. 37-Q and then ^ ^ ^ 4 ^ 

UD, 14 (the response of the OD t;, n ,*s t 

me uu i'<» tllra t«l against human and rat AS 

» b. u^, relalive „ te 0Dm „ fa ^ »>• - 

^po^^^p,^.^,^ fc ^ 

P-cporuons* A^. incutaIaI ± R5 „ » « * 

T: T T ^ °- 2 * ~ *T 

ZZ. — - Positions sue 

o*er f„ M «, ^ of inveni|on 

the foUowing detailed descripdon, and f™, *e claims. 

B««3«f Be, OT > tf< , n oftht EmbodimeMS 

^..majorconponemofAbh.imer.sdlseasecembnlan.yloid is 

(S 3.7mM>. ^.phy S iologW & c,o RwhichilldoceAj9 

provide vrttabie «„» „ „ ^ ^ — 

discovered that human W ^ ^ ^ ^ 

Concent™ of dnc ^ 300 nM ^ ^ ^ 

»l«uons. .nducing tincwrlal amytoid formadon. Meanwhile, ra, A/U ^ 
zinciessavidiya^isi^ne^^,^ J- 5 
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With WWch animals forra A* amyloid. Collectively, these data 

suggest a potentially critical role for cerebral zinc metabolism in the 
neuropathogenesis of Alzheimer's disease. 

Further, it has been observed that abnormalities of zinc homeostasis 
occur in AD and DS patients. It has now been shown that A* specifically and 
saturably binds zinc, manifesting high-affinity binding <K A = 107 m) 
compatible with normal CSF zinc levels, and low-affinity binding (K - 
5.2 mM). Cerebral zinc homeostasis, which has been reported to be abnormal 
* AD (D. Wenstnm, W.D. Ehmann. W.R. Markesbery. Brain Res. 533:115 
(1990); J. Constantinidis, Encephale 75:231 (1990); F.M. Corrigan G P 
Reynolds. N.I. Ward, Biometals 6:149 (1993); CO. Hershey « at' 
Neurology 33:1350 (1983)) may be important for the metabolic fate of A/3 
smce tncreased concentrations of zinc promote the peptide's adhesiveness and 
resistance to proteolytic digestion. Moreover, oral zinc suppfcmentation has 
recently been shown to have an acutely adverse effect on cognition in AD 
subjects, but not age-matched controls indicated that environmental or 
national zinc exposure may be a contributing factor to AD pathophysiology 
The present findings have indicated that AB strongly and specifically 
bmds zinc in a pH dependent manner. In the brain milieu, these metal ions 
are present in sufficient concentration to «ert these effects on binding and 
solubility. A decrease in A* solubility occurs in the presence of 
concentrations of zinc as low as 0.3 pM. Occupation of the zinc binding site 
on A/? mcreases the resistance of the peptide to tryptic digestion at the a- 
secretase site. a-Secretase is an, as yet. unidentified protease which has been 
observed to cleave the precursor molecule of A0, the Amyloid Protein 
Precursor (APP) within the A0 domain, rendering A* incapable of 
accumulating. Hence, occupation of the zinc binding site on A/? will increase 
the biological half-life of the peptide and so increase its availability for 
deposition. 

Hence, pharmacological agents which prevent binding of zinc to its 
binding sites on AB or which prevent amyloid formation after AB has 
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POenttal fa tee dijeases _ ^^witntherapendc 
assay. T1« zfac-indacod aT ^ * * 

Stock human and rat Aff,^ jjeptide solutions f\ a u , • 
pn=-fflte™i (Sofa*, c,^ 0J " S0IUMns (16 * M > » w*r were 

Wncu^eon,^ „. a jT 'r. """"^oidotio 
— 0 D „. *J£l m * *" «*— 'V * ran', „f fc 

Wfc. used in teTaln ^ COnCCTM, '' > " ! • » « |„ „ 

proportion of peptide that is fii^ u t Pared t0 ^ 

P— of ^ «- , »« 

Agents which modify the avaliahin. , . 
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amino adds nub. -h, cysttin , ^ bind free ^ ^ >re 

(BBB). l*«a««n B . TO l«d.«c te «., tp «inc I tocdttl M „ j!wnts ^ 

- «*s - EDTA. .nd/or phydc m (myo-Inoslul he*ci, ( d M ro^ 
phospta*,. enrry 7269 ,n to Men* u, ,0* edidon] ^ ^ * 

M«. dtacny, sulfoxide has been ^ « , fo 
some forms of syaenlc ^y^,. elhi l() ,. ^ ^ ^ 
nas solvent properties). 

Copper '"W^ero^raions,^ 
« te a*!li» a soluble *0 dimer lis «fs~, „„ . 

LKbtanartHH^,: Ufti™, bromide tas been ^ed «, ^ 
syntoc pepddes in sotaion (h,,^ . „ ^ ^ 

m»,,es fte^on th mm tto.ptr.e. my **, „ 

M *° M,e " 1 — *<* —I- used i„ fte .ream™ of bipolar 
a««ave disorder, where irs sysremic .hempen* levels are icep, « , mM . „ 
at 1 rnM has an inJ.lbi.ory on « „ 
2" * « — » -dto. a, , ftemoeo* vem f „ AD |nJ 
pathological conditions. 

Miscellaneous: Because there is no precedent for an effective ami- 
amylcdotic phannaceutical, it is reasonable to serendipity try out 
cornpounds which may have access to the brain compartment for their ability 
to uduta nnc-induced A* aggregation. TT.ese compounds include dye 
compounds, heparin, heparan sulfate, and antioxidants, e.g.. ascorbate, trolox 
and tocopherols. 
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DEFINITIONS 

ZTH" * to ^. „ pradn . fl . A4 m M 

f-WW*!..*.^,^ tt ° de, ' U " he 

?T ° f f — ""^ * AD and DS and may ^ 

head injunes and in GALS/PDC. mowing 

Tinctorial amyloid is referred to amyloid that in addition to bein* 
-*» , aoueous buffer „ * stained wjA CongQ J ^ 

birefringence in polarized light P°auve 

-fij*"*"** ^ • " ~ ** *— of 

A« amytadoas, as i, commonly known In m e art and to**, ,„ 
«- ^flcadon, rc f.„ „ „ ^ ^ „ 
-* *» > ^ by foTOton of „ myIo , d ,„ 

_ P^ ngMdpre . fl , lere<llsuseillllhepiKeM ^ 
*«-. «* « >=P«de I. acne™ M , uUon . , 

C ™ 7 e ' 8 ' """^ ***** * ~ 

--frtata, , b*„y or ^ fluHi ^ ^ WMd ^ 

to, »», chealating ^ Kfen „ ^ 
of reacn* and/o, bindin, a*™. „ w „ ^ 
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Espies of such heavy metal chealating agents are EDTA or 
Desferoxamine. r 

In the present invention, the heavy metal salts are of any heavy metal 
or any transition metal, in any form, soluble or insoluble 

InAe P^spedfic,tion.unlesso^ 
of anc, i.e., Zn" in any form, soluble or insoluble. 

Biological fluid means fluid obtained from a person or animal which 
«s Ptoduced by said person or anin*, ^ of bioIogical fluid$ ~ 
but are not hmited to cerebri fluid (CSF), blood, serum, and plasma 

Ia *^analytica^ 

amylo.dos.s) is titrate* by serial dilution. Dilutions may range from a neat 
fluted) sample up to greater than 1:10,000. It is expected that a sample 
from a person afflicted with amyloidosis would have a lower titre because 
these patients suffer from a condition which makes them significantly more 
prone to forming amyloid. Ne«. an equal amount of AD peptide in aqueous 
buffer or physiological solution is added to each sample. Then, the samples 
arc contact with large (greater than 300 nM), preferably 25 „ M. of a heavy 
metal cation capable of binding to the peptide comprising at least amino acids 
6 to 28 of A0 peptide. The preferred heavy metal of the present invention is 
anc. Hence, the A* peptides will form. A0 amyloid in the presence of the 
heavy metal cations. The A(3 amyloid can men be collected by pelleting them 



WO 96/07096 ~~ 

PCT/US94/I192S 



-17- 

tough amMm^. F iMlly , „ ^ m ^ 

c* CSP, alnad, ft h 

of unc^ ^ am yl oid ln „ ^ ^ from ^ 

tagher than the healthy control samples. 

A*"**. *<* *» -I*, are titntKd i„ serf,, dilulions _ ,„ 
*— - A6 i*pdde. comprising milMK . d! 6 * 
«. - to each samp,.. „. ^ „. _ ^ »J 
*. co^ms r«r rah™ d^ ln ^ « 



forraation - IT" " ' C °"*""«' »»• 

^■on of A, amyioid. a, .... „ ^ w ^ 

~"-«7-<*** MM M tf trrtsolubie^idetna,™ 

an,yk,,d formed . m, a*. „ ^ ^..^ ^ fc majiw| « 

•Ml of A0, such as EDTA or IVsferrioaamine, „ ^ 
candKiat. reagent can inhibit formation of amyloid. 

P ^ te ^™ Mature, can be fii^in order ..nteBure^ 
crnpare the amount, of the peptide or ft, „ ytaid „ described ^ 
Con«rse,y ft. reaeuon -ta— can be centred, the p,„ a ^i,^, ^ 

Moreover, me am™ of amyWd formed can be o.„am«i.d b, 
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In the present invention the a a ^ 
« <* A/W However. any of the A* ""^ 

*- » c „„« ,r * it?;; ■* 6 » * * 
™— » « ^ r* 

cctween concentration of the peptide and OD ^^^^ ""**» <*» 
P«to»d Mve iengti, a," ° D "* — — * AH.^ *. 

«» lenata '""* — «- « 

towever. from about 208 u>*o„ 2t0 W,W ""W" 

»*» A preferred J™ T™' 0 fc 

<«, «. 8 . u. s . ^n, Z^TSrj r fw « 

H«n«. o, measuring „. „«, of A T ' ,Ul) ' "»>• 
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prccipitaied fraction followine tf^fi™^ 

copper, or mercury. The most „„, fc ^ . P rabIy of 

p„ff u . t7 - 8 - andmo « Preferably about 7 4 

buffers ctata.*, ™ * Ho ^. «™i*ring to, tee 

T»o filters used in the present invention have a pore sire which n 
passage of Afln*m.\u. * *^ a which allows 

f »ge oi A0 peptides, e.g. from about 0.2 to about *> ™,v 
from about 0 2 to ah™ » • 10 ^ 60 microns; preferably 

about 06W ^ ^ m0$t Preferab, y about 0 2 to 
about 0.6S microns. I«a preferred embodiment of the invention a02 
« ter isused. A, pepUde motK,mer has a mo.ecu.ar n^^r" 
WHiCh ~ P— " great, than 4.3 fcDa, eg 4 £ It* 
used to practice the present invention. A0 peptide and L m " 
— andpoiyme, J^^^J" 
-ention, persons of ordinaty ski., in the art wH,Tal7 
with appropriate nam .i« . 6 to choose a fiIte r 

metal ^ . «- * 

y hMVy mctaI cat,0 ««. such as zinc-induced A/? 
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aggregate, in solution. Such dyes include but axe not limited t 
bavins and oiflavinT. me wncentfadon of J ' 
abouto,, (^ht/vo^toaboutSO* (weighJum $ 
tat of the dye concentration is Hmitcd to Lw^t f 
solution. soiuDility limit of the dye in 

11,6 Present inventi on Permits use of very low concent , 
Peptide. e.g. from about 0.1 nM to 3 7 mM i * "\ ° f A/? 

of A, peptide, a concentration of * J* J^V" 

optical density. The lowest " * 

micromolar for A/3 Cfo • miCr ° m ° ,ar ** * nd * 

* ux Ap i-<2. Therefore, an advantage nf ^* _ 

Similarly, very low concentrations of the 

, wnccnuauon as low as about 300 n*/r tu 

lowest reported concentrations used (P W Mamvh , 

«:"71 (1993)) was 1 mM • u * " ^ Ato «*«. 

«n in the art can easilv oTd m k ' ,nVeWi0n - 0nC ° f 0ldin ^ 

with no m o rr 6 C ° nCCntration of *« ««vy metal cation 

with no more than routine experimentation. 

The present invention mav be n™«;~.j . 
- t I _ centime „ about ™ Z^XZ 

z r r is "r ut 4 degrew i ° 

centigrade. The most preferred temperature for the practice of the „ 
invention is about 17 a . practice of the present 

TV M. of « Wlide „ ^.i^,^; 



WO 96/07096 ~ _ 

PCT/US94/I19M 

-21- 

immediately upon contacting the heavy metal and A/Wd* u 

^red. the reaction may he allo^d to pnc J Q Z h " T " 

— 

The invention may also be carried out in the presence of bio! i 
fluids, such as CSF, to closely Simula* actual physiolI^L ' 
biological fluid may be added directly into J ^ ^ 
diluted several fold rv, or may be 

uted *veral fold. D.luuons may range from about 1:10,000 to about 1*1 
fold. Tne preferred biological fluid in the present invendo Te " 
be used directly or diluted from about 1,,000 to about 1:5 fold ' ' 

Pepudeeompnsi^a.te,,,^ "»»«» 
A# pepode prefer MS0C 

prefOTbl> about 2S p M. The standanj of analyIes 

"-pound hubft, fo^,, of ^ a 
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One Zn ,+ binding site in the APP ectodomain has already been 
described (Bush etal., J, Biol. Chan. 268: 16109-161 12 (1993)). The 
possibility of additional zinc binding sites on APP was investigated. The 
A/?,.^ structure possesses 3 histidines and several negatively charged residues, 
structural features that support Zn 5+ binding. These studies show that A/3 
binds zinc in a saturable and specific manner. Moreover, it is demonstrated 
that physiological concentrations of Zn 3+ increase the resistance of the peptide 
to proteolytic catabolism and promote A/5 precipitation by aluminosilicate. 
Based on these findings, it has been discovered that excessive zinc 
concentrations accelerate A/3 deposition in AD and related pathological 
conditions. 

Further, the effects of physiological concentrations of zinc upon the 
stability of synthetic human AB,^ in solution were studied, using the 
rat/mouse species of the peptide ("rat A/5") for comparison. Soluble A/J I-(0 is 
produced by rat neuronal tissue (C. Haass and D.J. Selkoe, personal 
communication), however, A/3 amyloid deposition is not a feature of aged rat 
brains (D.W. Vaughan and A. Peters, /. Neuropathol. Exp. Neurol 40:472 
(1981)). 0-amyloidogenesis occurs in other aged mammals possessing the 
human A/3 sequence, which is strongly conserved in all reported animal 
species, except rat and mouse (E.M. Johnstone, M.O. Chaney, F.H. Norris. 
R. Pascual, S.P. Little, Mol. Brain Res. 10:299 (1991)). The rat/mouse A/3 
substitutions (Arg-KJly, Tyr-Phe and His-Arg at positions 5, 10 and 13, 
respectively [B.D. Shivers a al., EMBO J. 7:1365 (1988)]) appear to cause 
a specific change in the peptide's physicochemical properties sufficient to 
confer upon the peptide its relative immunity to amyloid formation. Since zinc 
binding to human AB,^ is histidine-mediated; rat A/3 therefore may be 
expected to manifest altered zinc binding properties. 

The binding affinity of zinc to rat A/3,^, was studied in a M Zn 
competitive assay system as described in Example 1 (FIG. 1), to measure the 
K A of zinc binding to human AB XMO , In contrast to human A/3,.*, the 
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Scatchard analysis of zinc binding «o rat ^ reveals only one binding 
associauon (K A - 3.8 pM), with 1:1 stoichiometry (FIG 5) 

It was observed that the recovery of human *p„ in flltmion 
chromatography is dramatically reduced in the presence of zinc, due in pan 

ZTZ ^T* 85 of ^ To detennine wtether ~ of 

human A/U IS also enhanced in the presence of zinc, the peptide was 
incubated with various conception, for 30 minutes with Zn" (25 „M) or 
EDTA and men filtered the solutions through 0.2 p fliters. Zinc caused up to 
80% of the available peptide to aggregate into > 0.2 , particles (FIG. 6A) 
ancubation of ^ solutions in the filter devices, without actual filtration 
Seated that there was no non-specific loss of peptide to the plastic or 
^ be a shallow negative log-linear 

» anonship between human A* peptide concentration and the proportion of 
filterable peptide in 25 „M Zn", but even at the lowest concentration tested 
(0.8.M), >70%ofthehuman^solutio„aggregated. In contrast, the 
effect : cf Zn- on rat A^ was unremarkable, with no aggregation of a 
0.8 „M peptide solution detected under the same conditions, and only 25% 
aggregation of a 4 „M solution. Meanwhile, in the presence of EDTA 
human and rat A^ solutions behaved indistinguishably, with no detectable 
aggregation observed at 0.8 „M, and .,5% aggregation at higher peptide 
concentrations. 

Next, the formation of >0.2 p A0 particles was titrated against 
increasing zinc concentrations (FIG. 6B). and a shallow response curve for 
human A/U 0 .6 pM) was observed until the zinc concentration reached 300 
nM. corre^nding to the saturation of high-affinity binding. At zinc 
concentrations above 300 nM. corresponding to low-affinity binding, human 
, "* > dramatiCaJ ' y ag8rcgates - In contrast, rat A»„ remains stable in the 
presence of up to 10 „M zinc, and only at 25 ,M zinc was aggregation 
observed. 

To determine the effects of zinc on A/J^ at physiological peptide 
concentrations requires an assay more sensitive than spectroscopy. (Human 
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A/^atO^Min buffer 1 corresponds to 0.090 absorbs units at214 m 
Aggregation studies of peptides at lower ^ concentratiJ L 

-ingsat.^.^, ^jsrr^r 

» may also explain why a recent report required relatively hi.h 
concentrations of Zn 1 * n n,wx «. naauveiy high 

oi cn (imM) to precipitate '"I-human a* 

centrifugation studies fl> W M a „H,K , , , A/5, -° ln 

swaies (p.w. Manryh «• al., J. Neurochem 61-M\ /iom» 

in(li«uesthat25%ofth e n«,HM „ «™«««325 (1992)), and 

« * or the peptide would aggregate into > n -> • 
these conditions ti„ -«« c 8a«inio >o.2^ particles under 

- N«t. the itote of „« of „ 

WO. 6 D, was invest. „„ ort „ . ~" **- 

— - on« to , ^ fc procedorc JZZJZ 

—Ph. wot cou^ „ » *» 

™» of suck AA„ ,„ wae,. a5 , ^, „ } 
aline buffer (dH 7 «th.»i. ' ' Ba 05 (*0 in 

(1 6 „M «1 ■»-»«»<» a,***., of fte pep,,* 

of .04 ^/ mul . The aetf, « „, fc ^ ptaK ' 
*- a wKere^ ^ ^ pwKds , ^ 
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"M/min with no evidence of saturation within 2 ho 

available pep t i de is exhausted ?T , ' " *° 

addidonofEDTAburrercausedr^Ir ^ ^ »° 

A*«. (20 /iM in PBS, p H 7 4> h. £ ** COmpan ' SOn ' hu ^ 

—Nl the solution with A^, <j J?^""""™" (1993 »> - 
«■*«- agnation of £££ — y'oidogenicA,^ 

main species of secreted A0 (A/J lHo) . ^ form of * e 

To estimate the size of the ah 

* Pinion * > a/I^ "* l—r 

"■ownimhealoiHy.JO*^*!.- ™ a • l «"™ver,ihesame 
«f U»se panicle, •b-m.h <• "^""y- '» *• now. 

Collectively ■ T '" S °"" io " «*"*« «•' > 

for™™, ^^'"^""'^ofa*,^^ 
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The stoichionietiy of zinc:human A/3 in these aMn ..« • 
rpjrt 7 „ s . . . M ' mese a Igregates is at least 1- 1 

(FIG. 7c), but increases to 1.3:1 with the smaller (0 i . 

22% of the peptide is recovered from >o « 
•WW* the completed ainc „ ,„ . 0JB •*"**»• 

(HO 7dl Thh-j- 2ji as tracer) is completely recovered 

. 7 * <"* ainc-induced AO a^ntta, ,« ,. 7 

""versible by chelation, ft, M1Hlnl „ <0 ' TJ*?™^ " '"^ 

A* amy oid was induced hv7n»~. '"nngence. No rat 

. """■''»«»' ^ Zn concentraioB of less than 10..M whe™. 

«to»«3,M. I»»eid«T case was Cc^orJ T, 7 COn "'" n " ,0n! 

^ wilk mJZZZ*- 1 — 

^TsreCroTtv? *** ^ **- »» ' 

oh*™,, t .. • of >0.2 ^ A0 I-(O panicle assembly 

observed following the incubation of AB lM with EDTA bw * ... « 

«Pmo wjui EDTA probably reflects the 
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.low WKmim ^ 

* JU AUL 278149(1991^ H \ ^ * Bcyreuthcr - 

to zinc-induced amyloid fc^™ • Wrab ' llty of hu «" AjS 

Howe!.. M O wJTlTt f ^ *"* ^ «•* °- A - 

(u.r. ^ „:r^ ".r-r * — — * » ^ 

Additional ** ^ ^ <1M4 »- 

*««ed BmJT,^ "* " ,M,b0liSm to AD '«'»"« 

lewis (CO. Hmhtyaa,., Ntlmhgy 3};l}$0 aM3n 

«. ^ c ,. Mlller rA TO& 
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58:983 (1992)), and decreased levels of astrocytic growth-inhibitory factor, a 
metallothionein-like protein which chelates zinc (Y. Uchida, K. Takio, K. 
Titani, Y. Ihara, M. Tomonaga, Neuron 7:337 (1991)). Recently, a clinical 
study assayed the effects of oral zinc supplementation (6.7-fold the 
recommended daily allowance, a dose commonly found in nutritional 
supplements) upon cognition and plasma APP levels in AD subjects and age- 
matched controls. Five sequentially-studied AD subjects each experienced an 
acute decline in cognition within forty-eight hours of ingesting the zinc dose. 
Under the same conditions, age-matched control subjects remained unaffected 
by the dose. Among the abnormal changes of neuropsychological 
measurements taken of the AD group was a^l % drop in Mini-Menial State 
Examination (M.F. Fblstein. S.E. Folstein. P.R. McHugh, /. Psychiatr. Res. 
12:189 (1975)) scores, after four days of zinc supplementation. This 
represented a deterioration which, in the ordinary course of the disease, would 
only be expected after two to four years (Galasko et al. , JAGS 39:932 (1991)). 
Plasma APP levels also rose significantly in response to zinc in both the AD 
and the control groups. All changes were rapidly reversible following 
cessation of the four day supplementation. Collectively, these reports indicate 
that there may be an abnormality in the uptake or distribution of zinc in the 
AD brain. Pervasive abnormalities of zinc metabolism, and premature AD 
pathology, are also common clinical complications of Down's syndrome (C. 
Franceschi a al., J. Mem. Defic. Res. 32:169 (1988); B. Rumble et al., N. 
Engl. J. Med. 320-.IU6 (1989)). 

The data presented here indicate that stability in the presence of 
physiological concentrations of zinc clearly differentiates the propensity of 
human and rat A0^ peptide species to form amyloid. The rapid induction of 
tinctorial human A0 amyloid, under physiologically relevant conditions, at 
peptide concentrations more than an order of magnitude lower than the lowest 
levels achieved previously for A/U aggregation Cm order to achieve time 
point measurements of less than 1 minute, the procedure was modified so that 
samples were centrifuged at 2500g, allowing the sample volume to be 
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completely filtered in 40 seconds), and within two minutes of incubation 
establishes a novel assay system for the study of A* amyloidosis. More 
.mportanUy. these findings can have profound implications for the potential 
role of zinc in Alzheimer-associated neuropathogenesis. 

The following examples are provided by way of illustration to further 
describe certain preferred embodiments of the invention, and are not intended 
to be limiting of the present invention, unless specified. 



Examples 
Experimental Procedures 

Unless, otherwise indicated, the following experimental procedures 
materials, and reagents were used in the present invention: 

^^-Precautions taken to avoid zinc contamination included using 
analyucal-grade reagents, electrophoresis-grade Tris-HCl (Bio-Rad) and 
highly deionized water. A* W7 was synthesized by the Biopo.ymers 
laboratory, MIT. A^, (reverse peptide) was purchased from Bachem 
CTorrance, CA). Other reage«s were from Sigma. A/U and A0, „ results 
were replicated with peptides from Bachem and Sigma. *U results were 
also rephcable with peptide synthesized by W. M. Keck Foundation 
B,otechnology Resource laboratory, Yale University. «2n was purchased 
from Amershain Corp. 

"2B l ^^S^-Dissolvedpeptides(l.2nMol.unlessome^ 
stated) were dot-blotted onto 0.2-Mm polyvinylidene difluoride membrane 
(Pierce Chemical Co.), washed twice with chelating buffer (200 p\ x 100 mM 
NaCl, 20 mw Tris-HCl, 1 mM EDTA, P H 7.4). then five times with blocking 
buffer (200 „1 x 100 mM NaCl, 20 mM Tris-HCl. 1 mM MnCI,, pH 7.4). and 
then mcubated (60 min, 20'C) with «Zn (unless otherwise stated 130 000 
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cpm. 74 mw "ZnCl, in 200 „, of blocking buffer ± compctin, meta . ■ 
ch.onde). Tl. dot-blot was then washed with bloc* » J 
the dot excised. pl~d in a ttst ^ ^ ^ 
e^ency) me Vibration volume f 0r ^ J^* 
^^.nUVabsorbanccofbeunbo^Z 

acid analysis. To alter the dH rt*. «r„ s- •. • 

aj«r me P h, the Zn mcubauon was carried out in th* 

(50 mM) then nns«l and silicon&ed betwtt^TO. 

4> CTn^ap^A, (55 ^ w 
or BDTA in si,^^, , 5 . mI plutic ^ ^ * 

0*-£ , 0.7 cm> with num sail solution or ^ 

*ft Ab.orb.nc. „, „ a4 _ Ju _ 

^.^^ofA,^^^^™^,!^^ 
underthecve. ™ S «spo ai bI.b K « S e lherel . non!tipofuVlb 
«« MM - be llwmttK ^ „ ^ ^ ^ ^ 

tmm d,,,« portion mte (see Mow): -j*,^^ 

of ,5 * „« averse cone^^, „ f fc ^ 0 „ 

column was 0.8 /»m. 

To study the effects of protein blocking upon adsorption of A/J to the 
chromatography column, a Sephadex G50 SF column which had been 
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characterized previously for A0 behavior was eluted with 3 % hovi 
-~ (SS A > U TBS <5 „ „, ^ ~J£ZZ 

254 «. 280 ■. and M m 2U „„ ^ 
-ta of ,»w tntaontCar „ MWonJ wre ^ J£ - 

below 0.1 tngta,, «dbo«n« *e pe,Hide in w*er „ TBS earned - .,_ 
W. Cu-Zn^andE™^^^ * 

r^r*" ovw fe -* ° f 2 " " *— . «rl 

117 ** »— » h - » " SDTA was etn^ 

-«Jl!fr'- **' «»— « 

J7l^ PH ^ n ™ ra ' Md *— « (Fisher,, deft* 
and . 50* (v,„ V » * « . rata ^ ,„ ^ 

~* ™ . ^ M. or Seph^ O50 SF ,,0 x 50, W v» in 
ST. , « EDTA (.00 „ in TBS, 5 r™ ttmpe „ mre , ^ ' 
-•"-»*- O500X 3 nUn, „, reraoyed 
»*« with water to bring the UV ahsorW readings i„» „« W rang,. 
Sanies were as** a. 2» n* before and .fcr m ^ 



WO 96/07096 

PCTAJS94/11928 

-32- 

Tw*c Digestion of (13<9 „ g) Wfls . 

(12 /xl in blocking buffer 1 h 37-0 .k j - n 
n, 37 Q. ^ ^ , toppc<J by * 

b,o .as washed w ilh EDTA, Cc^ e -«ained, incubated ^ «^ 
indmdual bands were excised, assayed for «Zn>- h,^- „ ' 

«nd focmu* u, be Mgligibte . „ m f 8 P"*"*' 

Aliqooa of A* we re i.eub^ed (60 ^n) wlft «z„.. ta ^ ^ 
V •• i 3- Ue high-affinity bin(iing mm ^ 

*~ M« of „, ^ ^ „ ^ fer ^ 

0n ^ ^^^^^^ ^ w) 

«>r 1.. w«h Aft. pepd,,, f„ ,57 * % (,38,000 
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depicts P H dependence of «Zn>- binding to " 
Example 2: Effect ofTn*+ ^ 

Results shown are indicative of n > 3 

. (HO. ^ ; ~ * » - 

EDTA ' » z »". * « P C7- of 

PMMS of molecular mass aud»* . .. , . *^ Thee,lm <"> 
indict iSl8nTOn,S ° f * "* 

chelation is indicated bv trn^r p • . e,,h00d of Tris 

850 Dy u PP«r limit estimates) and fdta rx , 

experiments performed in the presence of JT * ** 

readings and corrected for ^ ^ from 214 ™ 

rem,, JT G ' 3 " COnCeMWi<, ° * 2M - <*>*>*»*> of Afl 
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Example 4: Effect ofZn>+ upon Aft resistance to tryptie digestion 

(FIG. 4a) depicts a blot of tryptie digests of Aft (13.9 ^g) after 
incubation with increasing concentrations of zinc (lane labels, in micromolar), 
stained by Coomassie Blue. Digestion products of 3.6 kDa (A/^*), and 2. 1 
kDa (A *>™>- 85 we » 35 undigested Aft^ (4.3 kDa), are indicated on the left. 
The migration of the low molecular size markers (STD) are indicated (in 
kilodaltons) on the right. (FIG. 4b) depicts «Zn>* binding to Aft tryptic 
digestion products. The blot in 4a was incubated with «Zn'\ the visible 
bands excised, and the bound counts for each band determined. ' These data 
are typical of n = 3 replicated experiments. 

To determine whether A/3 binds zinc, a synthetic peptide representing 
secreted AB^ was incubated with «Zn'*. Rapid binding (60% B„ at 
1 min). which' plateaued at 1 h, was observed. Scatchard analysis of «Zn ,+ 
binding describes two saturable binding curves, a high affinity curve (K. 
< 107 nw), and a lower affinity curve {K.< 5.2 „ M ) (Fig. la). The affinity' 
constant estimates might be skewed by assuming that the Tris buffer does not 
bind zinc. In fact, Tris-HCl binds zinc and copper with stability constants of 
4.0 and 2.6, respectively (Dawson etal.. Data for Biochemical Research, 
Oxford-University Press (1986)). Incubating Aft in the presence of higher 
concentrations of Tris (150 and 500 him) abolishes «Zn'* binding to A/5 
(-5058 and -95%, respectively), indicating thatTris-induced Zn 1 * chelation 
cannot be excluded. Our calculated affinity constants are therefore upper limit 
estimates. 

"Zn 1 * binding is very specific, with Zn»* being the only unlabeled 
metal ion tested that is capable of competing off the label (Fig. lb). To 
determine the specific region of A/8 involved in zinc binding and to validate 
the dot-blot binding system, equivalent amounts of various peptides 
representing fragments of A/3,.* and peptide controls were assayed for «Zn»* 
binding in this system (Figs, lc and Id). 

The reverse sequence (40-1) control peptide only binds 50% of B^ 
compared with Afi„ (Fig. 1 C ), indicating that zinc binding is not merely^ 
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consequence of the presence of favorable residues. AB„ bound 30% of B 
indicating that the carboxyl terminus plays an important role in promoting Z 
bmding. Glutamine substitution for me glut^^ jn 
accordance with the Down's syndrome AB sequence reported by Glenner and 
Wong, Biochem. Biophys. Res. Common. 720:885-890 (1984) does not 
interfere with «Zn»* binding. The Scatchard plot of «Zn" binding to A* 
revealssimilarloweraffinity^ < 15 ,*,) and higher affinity (K t < 334 m) 
bmding associations (Fig. 10) to those of AB„, but overall the AB^ peptide 
binds zinc less avidly. Although the A*,., peptide clearly binds zinc, peptides 
overlapping this region < M7 and 12-28) do not individually bind zinc 
Additionally, a peptide covering a region of the carboxyl terminus (25-35) also 
is unable to bind zinc (Fig. lc). 

The calculated stoichiometry of high-affinity Zn'M>inding to A0 
denved from the x-intercepts on the Scatchard plots (Fig. 1, a and d), « 0.7- 1 
(A/W and 1:4 (A/W. For low-affinity binding, the Zn":A/J ratio is 2 5-1 
(A&^o) and 4:1 (Atf,*). 

w Zn l+ binding of sequenced tryptic digest products of AB (Fig. 4b ) 
•ndicates that the 6-40 fragment binds zinc, but that the other visible digest 
fragment 1740 (Fig. 4b), representing thepost-secretase (Esch et ol.. Science 
2^:1122-1124 (1990); Sisodia et Science 248:492^95 (1990)) carboxyl- 
terminal product, does not bind zinc. The contribution of histidines (residues 
6. 13, and 14) to Zn" binding is indicated by the deterioration of binding win, 
lower p H (3056 of at pH 6.0. Fig. le). Taken together, these data 
.nd,cate that zinc coordination requires the contiguous sequence between 
rescues 6 and 28, a region containing all 3 histidine residues, but optimal zinc 
bmdmg also requires the presence of the carbon-terminal domain. 

Next, it was tested whether zinc binding could affect A0 conformation 
as assayed by migration upon gel-filtration chromatography. Major AB 
species believed to correspond to monomelic, dimeric. and polymeric forms 
were observed (Fig. 2a). Total concentrations of Zn" as low as 0.4 „ M 
decrease recoverable A0 eluting from the column when compared with the 
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— *» oree, po lynl e, a* « mBic ^ ^ * 

A «""-»--« »f M « „, fc ^ * 

«— * bJ- chr.™*,™,,,, „ „ ^ " 
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To determine whether the zinc-induced .oss of A* durin* 
chro„utogn*hy occurs because of A* precipitation onto a surface of th! 

adS0Ipt,0n blocter s ^fi«ntly increases the counts of AS 
recovered frotn the co.u mn . indicating that the peptide precipitates 
column^,,^.^ BlocWngthecolumn^tsinaZOO^increase 
.^recovery of A* in the presence of Zn>* (25^ to,,,, a 75% increasc 
™,y m thepres^of ^ OS^Mtota,), buton, y a 10* increase in 
* present of EDTA (50 This confirms that potation onto th 
column n most specifically accelerated by zinc. 

To den,™,* the p„ of te „,„„,„ J ^ ^ 

" T ^ * «*- — component and assayed £ 

* experiment c^itio*. M (I0O (lM ,„ « 
buffer, was ,n»b«ed lor . h in pU*c «*o» «ssel s „ ^ 
pre^ofSeptad*. WtothepWca^fo,^,^^ 

10 >"* «*• - M, . Septa*, «« 

Hence. Adpncipitates aie unlikdy „ „ ads^ing „ fte „ ^ 

"T* ** '» »«-*- *- « ~bes result 

- 20* adsorpaon, which increase to 35 % in me presence of sine es ,M) 

N^O. 4 0*: and Alft. 2 . 3 ». Because of repotts asso^ 

2763 0985,); Ondy „„.. ^ , :3S4 . 337 (1986)) 
«»d « .o test whaher A* bW , „ Mmm ^ 
«tens,ve binding of Ag to kaolin. „ msoluble hydnued aluminum silicate was 
observed. More.™,, incubanonofW^mg/tnDwithSephKlextSiS ,„> 
m the presence of sine. owe,. or EDTA caus* on,, small changes l„ 
».ub,l,* which ma, be aWbuted «, bindin, . the piasdc in ft. 
vessels (Fig. 3a). tacubaUonof A(J (0.4m g /ml)wid,l a „|i n (5 !t , v/v 5mi„ 
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room temperature), causes precipitation of up to 87* of the peptide present 
This precipitation is greatest in the presence of zinc (25 /*M) where the amount 
of A0 recovered from the zinc incubation supernatant is nearly half of the 
amount recovered from the EDTA incubation supernatant (Fig. 3b). The 
effect of copper (25 & upon kaolin-induced A/9 precipitation is simile to the 
effect of EDTA (Fig. 3b). The binding of A/J to kaolin is not reversible to 
subsequent treatment with 10 mM EDTA, but can be eluted by 2 M NaOH. 

To further test whether zinc induces irreversible precipitation of A/J in 
the absence of kaolin, A/J incubated with Za»* (200 w, 1-24 h, 20»Q was 
subjected to SDS Tris/Tricine gel electrophoresis. The monom'eric species 
was the major band detected on Coo,nassie-stained gels and migrated 
identically to umncubated A/J, indicating that zinc does not induce covalent or 
SDS-resistant polymerization of A/J. 

Since the APP secretase site at Lys-1 6 (Esch et d. , Science 248: 1 1 22- 
1124 (1990); Sisodia et al., Science 248:492495 (1990)) in A/J is within the 
obligatory zinc binding region, the ability of Zn l + to protect A/? from 
secretase-type cleavage by trypsin, a serine-protease whose activity was found 
to be unaffected by zinc, was next tested. Amino-tenninal sequence on A/J 
tryptic digestion products transferred to polyvinylidene difiuoride membrane 
following SDS-polyacryfcunide gel electrophoresis indicated two detectable 
fragments corresponding to residues S40 and 17-40 (Fig. 4a). The predicted 
tryptic cleavage product representing residues 29-40 did not appear on the blot 
and may not be retained by the polyvinylidene difluoride membrane during 
transfer and treatment. Digestion is inhibited by the presence of increasing 
concentrations of Zn'*. At 200 mm, Ztr- causes complete inhibition of A/J 
hydrolysis; however, at this zinc level, tryptic activity is also slightly 
inhibited. Probing the blot with «Zn»* confirmed the zinc binding identity of 
the peptide fragments and facilitated quantification of the hydrolysis of the zinc 
binding site (Fig. 4b). The rate of digestion of A/U and the A/U fragment 
is inhibited by the presence of zinc, whereas the digestion of the A/J lM0 
fragment is not inhibited by increasing zinc concentrations. Hence, only the 
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zinc is a local environmental cefaclor modulating this interaction merits further 
investigation. 

APP is highly abundant in platelets and brain (Bush et al., /. Biol 
a«n.2dy:15977.15983(1990))wherezincisalso highly concentrated (Baker 
etal., Thromb. Haemostasis 59:360-365 (1978); Frederickson, C.J., Int. Rev 
Neurobiol. 57:145-328 (1989)). Although APP is concentrated in vesicles in 
both of these tissues (Bush et al., J. Biol. Chem. 265: 15977-15983 (1990); 
Schubert et al., Brain Res. 565:184-194 (1991)), and zinc is actively taken up 
(Wolf et al., Neurosd. Lett. 57:277-280 (1984)) and stored in synaptic 
vesicles in nerve terminals throughout the telencephalon (Perez-Clausell and 
Danscher, Brain Res. J57i.-91.98 (1985), the ^localization of APP with zinc 
in these vesicles has yet to be demonstrated. Vesicular zinc storage is thought 
to piay a role in stabilizing functional molecules such as NGF and insulin as 
insoluble imravesicular precipitates (Frederickson et al., J. Histochem. 
Cytochem. 55:579-583 (1987)). Zinc may similarly play a role in stabilizing 
APP and A/9. 

The interaction between A/3 and zinc may be compared with that of 
insulin, a peptide whose zinc binding properties are well characterized. Like 
A0, insulin exhibits histidine-dependent high-affinity (K t = 5 m m) and low- 
affinity (AT. = 140 ,iM) zinc binding with stoichiometrics of 1:1 (insulin:zinc) 
and 1:2, respectively (Goldman and Carpenter. Biochemistry 75:4566-4574 
(1974)). Additionally, metal-free insulin exhibits a pH-dependent 
polymerization pattern consisting of monomer, dimer, tetramer, hexamer, and 
higher aggregation states, in dynamic equilibrium. At neutral pH. zinc and 
other divalent metal ions shift the equilibrium toward the higher aggregation 
states. At stoichiometric ratios of Zn l *:insulin in excess of 0.33, the peptide 
precipitates (Fredericq, E., Arch. Biochem. Biophys. 65:218-228 (1956)), 
reminiscent of zinc's effects upon AB observed in the current studies. 

AB chelates zinc with such high affinity that reports of its neurotoxic 
effects in neuronal cultures (Yanknerff al.. Science 250:279-282 (1990); Koh 
et al.. Brain Res. 555:315-320 (1990)) might be explained by a disturbance of 
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nitrate was measured by 7-counting. 

Examples: Zinc-induced tinctorial amyloid formation 

(FIG. 8a) depicts Zinc-induced human A<U precipitate stained with 
Congo Red. The particle diameter is 40 p. ^ (200 „J x 25 „M in buffer 
1 000 mM Nad. 20 mM Tris-HCl, P H 7.4), was incubated (30 minutes, 
C) m the presence of 25 „M Zn-. The mixture was men centrifuged 
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tX » T"* buffer 1 m mM N ^ * -H 

Tns-HCl. P H 7.4> + EDTA (50 ^M), p.,** ^ re 

pell* wuled brtfe, , (100 „„ NlCli J0 T ^ Ha p|j ? 

mourned for ntaosopy. (nc. lb) n* sa* 
pol^»^^^^ bi ^^ ^^^^ 

EDTA (50 „M) te a* ^ yleM£d M ^ ^ 

aggregation into >0.2 ft particles 
Stock human and rat (16 ^ fa ^ ^ 

n,M NaCI 20 mM Tris-HCI, pH 7.4 (buffer 1) ± EDTA (50 „M> or meta, 
chlonde salts, incubated (30 minutes. 37'Q and then fi!tered again (700g 4 
minutes). The fraction of the in the filtrate was calculated by the ratio 
of the filtrate OD„ 4 (the response of the OD, M . titrated against human and rat 
A/U concentrations (up to 20 „M in the buffers used in these experiments) 
was determined to be linear) relative to the OD JM of the unfiltered sample' 
All data points are in triplicate, unless indicated. ffIG.9) A graph showing 
the proportions of A/W incubated ± Zn>* (25 „M) or Cu" or EDTA (50 
MM) and then filtered through 0.2 „, titrated against peptide concentration. 
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ExamplelO: Effect of zinc upon Afi produced in cell culture 

A cell culture, preferably mammalian cell culture, expressing, 
preferably overcxpressing, human APP is established according to well-known 
methods in the art, e.g. N. Suzuki etal.. Science 264:1336-1340 (1994); X-D 
Cai et al. Science 259:514-516 (1993); F.S. Esch et al., Science 24&1 122- 
1124(1990). Next, zinc is added to the culture medium to final concentration 
from about 200 nM to about 5 /iM. Then the cell cultures, containing zinc, 
are incubated from about 15 minutes to as long as they can survive in the 
culture. Preferably, the cells are incubated for 3 to 4 days. While fresh 
media may be added to the cultures, no spent medium should be taken out 
since it contains amyloid or zinc-induced A/3 aggregates. 

The media which can be used are isotonic or physiological media, at 
physiological 'pH (about 7.4). Preferably Tyrode's buffer is used with 
calcium, magnesium, and potassium, as well as glucose. Any medium used 
must be devoid of cysteine, glutamate, aspartate, and histidine since these 
amino acids chelate zinc. Basically, any isotonic buffer or physiological 
medium which minimizes constituents which chelate zinc may be used. For 
example, Krebs Mammalian Ringer Solutions, in Data for Biochemical 
Research, 3d Edition by Dawson et al., Oxford Science Publications, pp.446 
(N.Y. 1986), and page 447 for Balanced Salt Solutions, provide recipes for 
making various useful media. The constituents that should be left out are 
serum and the four amino acids mentioned above. 

The cell culture should be incubated at about 37 degrees centigrade 
with air or (ycOj (the maximum concentration of CO, is 5%). 

Next, the cells and the medium are harvested together. A detergent 
such as Triton (at concentrations of about 1-2% v:v) is added and the mixture 
is incubated for about 3 minutes to overnight. Preferably, however, it is 
incubated for about 1 to 2 hours. 

After incubation, the cell debris as well as amyloid and zinc-induced 
A0 aggregates are pelleted by centrifugation. The pellet is suspended in 
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pepsin (about2%) or in any other peptidase, and it is incubated from about 1 

hour to overnight to allow digestion of the cell debris. 

Again, it is pelleted, washed with PBS or any other appropriate salt 
solution, stained with Congo Red. washed again, pelleted to remove any 
unbound Congo Red, and suspended in aqueous solution. At this point a 
sample can be visually inspected under a microscope. Further, it can 'be 
quantitated using a grid. 



The assay is set up in duplicate as described in Example 10. However 
a candidate reagent is added to one of the two cell cultures and EDTA is 

of amylo,d and zinc-induced A* aggregates are compared under the 
microscope. The probability and level of effectiveness of the candidate 
reagent is assessed based on the degree decrease in formation of amyloid and 
zinc-induced A0 aggregates in the cell culture. 



Mift Rapid assay for detection of Afi amyloid formation in 
biological fluid 

Cerebrospinal fluid (CSF) is obtained from a healthy human subject 
(control) and a humanpatient suspected of amyloidosis. Both samples of CSF 
are titrated by serial dilutions. e.g.. neatt 1:2 . 1;4> 1:6> . .. 
made up to 1:10,000. 

To each of the samples, an equal amount of AB peptide in water is 
added to the final concentration of above about 10 „M, preferably about 10 
to about 25 fiM. 

Next, a solution which contains a heavy metal cation capable of binding 
«o a pepude comprising at least amino acids 6 to 28 of Afl, preferably Zn'*, 
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Pte NaC, «| , buffer, e . s ., Tris . pH 7 . 4 , hM „^ ^ ^ 

«.on. «»«. .fa™, above 300 „ Mi p 

25 i*M* 

Then, the samples are centrifuged to form pellets. Pellets are stained 
T M 4* Congo Red. and observed under a 

nocrosccpe. thereby comparing levels of Afl amyloid in the control versus the 
sample from the patient with amyloidosis. If quantification of amyloid is 
desired, a grid can be used. 



biological fluid using 3 H-Afi 

The assay is set up as explained in Example 12, except that the AB 
pepude added is labelled beforehand by tritium. Moreover, after 
centnfugation. the pellets are counted in a scintillation counter. 

The preferred method of detecting the amyloid, however, is by using 
filtrauon techniques as described above instead of centnfugation. After the 
samples are passed through a filter, the filters are added to scintillation fluid 
and the counts are determined 

Comparing the CPM from control samples with samples of the 
suspected amyloidosis patient, it can be determined whether the patient is in 
fact afflicted with amyloidosis. That is. an elevated CPM count in the patient 
samples compared to the control samples is indicative of amyloidosis. 

Having now fully described this invention, it will be understood by 
those of skill i„ the art that it can be performed within any wide range of 
eqmvalent modes of operation as well as other parameters without affecting the 
scope of the invention or any embodiment thereof. 

All patents and publications cited in the present specification are 
incorporated by reference herein in their entirety. 
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Whatls Claimed Is: 

1. A rapid analytical method for detection of A/3 amyloid 
formation in a biological fluid which comprises: 

(a) preparingafirstsetof reaction mixtures comprising neat 
biological fluid from a control human subject, and serial dilutions of the same 
made in aqueous buffer or physiological solution; 

(b) preparing a second set of reaction mixtures comprising 
neat biological fluid from a human patient suspected of amyloidosis, and serial 
dilutions of the same made in aqueous buffer or physiological solution; 

(0 adding an equal amount of AB peptide comprising at 
least amino acids 6 to 28 of Afl to each serial dilution sample; 

(d) contacting each of the first and the second set of reaction 
mixtures with an amount greater than 300 nM of a heavy metal cation capable 
of binding to an A0 peptide comprising at least amino acids 6 to 28 of A/5; 

(e) centrifuging each of the first and the second sets of 
reaction mixtures to give a first and a second set of pellets, respectively; and 

(0 comparing the amount of amyloid in the first and the 
second set of pellets and thereby detecting excessive A0 amyloid formation in 
the biological fluid from the human patient suspected of amyloidosis. 

2. A rapid analytical method for detection of A/3 amyloid 
formation in a biological fluid as claimed in claim 1, wherein said biological 
fluid is CSF. 



3. A rapid analytical method for detection of A0 amyloid 
formation in a biological fluid as claimed in claim 2, wherein in step (c), said 
heavy metal cation capable of binding to an A/J peptide comprising at least 
amino acids 6 to 28 of A/3 is zinc. 

4. A method for determining whether a compound inhibits 
formation of A0 amyloid which comprises: 
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(a) pre-filtering an aqueous buffer solution of A0 peptide which 
copses atleast the m** + A,^^^J£jJZ 
28 to give a first filtrate; 

in step Z n,eaSUrin8 AC ™ 0f ^ Wtideinthef,rstfil ^obtained 

meta,^ ^ ^ ^ in ^ (a) with a heavy 

6 to 28 of A0 to give a reaction mixture; 

«J) contacUng the reaction mixture obtained in step (c ) with a 
candidate anti-amyloidotic agent; 

(e) filtering the reaction mixture obtained in step (d) to give a 
second filtrate; and 8 

(0 comparing the amount of A0 peptide in the second filtrate with 
^ount of A* peptide in the first filtra*. me reby determining whether * 
candidate compound inhibits formation of A/S amyloid. 

form,/' , A mCth0d dCtennlning WhCthCr 8 inhibits 
fcnnaaon of A/J amyloid as claimed in claim 4, wherein the heavy metai 

cafon ,s selected from the group consisting of metalochloride salts of zinc 
copper, and mercury. 

<■ A method for defcrmmta, whether a compound inhibits 
format, of « amyloid „ c.^ ,„ ^ „ ^ fc 

caaon is zinc chloride. 

7. A method for determining whether a compound inhibits 
formation of A* amyloid as claimed in claim 6. wherein said Afi peptide is 
selected from the group consisting of Aft* A0„, A0 W1 . A*,.,, and A/W 
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8. A method for detennining whether a compound inhibits 
formation of A0 amyloid as claimed in claim 6, wherein said A0 peptide is 

9. A method for determining whether a compound inhibits 
formation of Af3 amyloid as claimed in claim 4, wherein the P H of the 
reaction mixtures are between 6.8 to 7.8. 

10. A method for determining whether a compound inhibits 
formation of A* amyloid as claimed in claim 4, wherein the pH of the 
reaction mixtures are about 7.4. 

11. A method for determining whether a compound inhibits 
formation of A0 amyloid as claimed in claim 4, wherein the concentration of 
the A0 peptide is about 0.8 /<M. 

12. A method for determining whether a comppund inhibits 
formation of A/3 amyloid which comprises: 

(a) assembling a first and a second reaction mixture, wherein each 
reaction mixture comprises an equal amount of a prcfiltered A0 peptide 
solution, which comprises at least the region in the A* peptide from amino 
acid number 6 to 28. and an aqueous buffer or physiological solution; 

(b) contacting each of the ft* and the second reaction mixtures 
with an equal amount of a candidate ami-amyloidotic agent; 

(c) contacting the first reaction mixture with a heavy metal cation 
capable of binding to the peptide comprising at least amino acids 6 to 28 of 

(d) contacting the second reaction mixture with EDTA; and 

(0 comparing the amount of amyloid formed in the first reaction 
nnxture with that in the second reaction mixture, thereby determining whether 
the candidate compound inhibits the formation of Afi amyloid 
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13. A method for determining whether a compound inhibits 
fonnation of A/? amyloid as claimed in claim 12, wherein the concentration 
of A0 peptide in the reaction mixture is about 0.8 nM. 

14. A method for determining whether a compound inhibits 
formation of A0 amyloid as claimed in claim 12, wherein step (d) comprises 
the steps of: 

CO centrifuging the first and the second reaction mixtures 
so that the soluble A0 peptides are separated from the insoluble amyloid and 
a pellet is formed; and 

(«) comparing the amount of soluble A/3 peptide in the first 
reaction mixture with the soluble A/5 peptide in the second reaction mixture, 
thereby determining effectiveness of the candidate anti-amyloidotic agent. 

15. A method for determining whether a compound inhibits 
fonnation of A/J amyloid as claimed in claim 12, wherein the pH of the 
reaction mixtures are about 6.8 to 7.8. 

16. A method for determining whether a compound inhibits 
formation of A0 amyloid as claimed in claim 12, wherein the pH of the 
reaction mixtures are about 7.4. 

17. A method for detetmining whether a compound inhibits 
fonnation of A0 amyloid as claimed in claim 14, wherein in step (ii), said 
pellets are stained with an amyloid-staining dye. 

18. A method for determining whether a compound inhibits 
fonnation of Af3 amyloid as claimed in claim 14, wherein said heavy metal 
cation is selected from the group consisting of salts of zinc, copper, and 
mercury. 
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19. A method for determining whether a compound inhibits 
formation of A/3 amyloid as claimed in claim 14. wherein said heavy metal 
cation is a zinc salt. 

20. A method for determining whether a compound inhibits 
formation of A/? amyloid as claimed in claim 12. wherein step (a), the A/J 
peptide solution is prefiltered before assembling said first and second reaction 
mixtures; and wherein step (d) comprises the steps of: 

CD filtering the first and the second reaction mixtures, 
separately, and 

00 comparing the amount of A0 peptide in the filtrate, 
thereby determining effectiveness of the candidate anti-amyloidotic agent 

21. .- A method for determining whether a compound inhibits 
formation of A/J amyloid as claimed in claim 20, wherein step (d)(H) 
comprises the step of measuring the fraction of A/J peptide in the filtrate by 
calculating ratio of the filtrate OD JM relative to the OD JM of the prefiltered A/J 
peptide solution at step (a), thereby determining whether the compound inhibits 
formation of AjJ amyloid. 

22. A method for determining whether a compound inhibits 
formation of A0 amyloid as claimed in claim 21, wherein said A/J peptide is 
selected from the group consisting of A/?,*, A/U, Afi„. Aft.,, and A/W 

23. A method for determining whether a compound inhibits 
formation of A0 amyloid as claimed in claim 21. wherein said A/J peptide is 



24. A method for determining whether a compound inhibits 
formation of A/J amyloid as claimed in claim 21, wherein all filtering is done 
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using filters with a port size that allows passage of «he soluble A* peptide 
used ,n the reaction mixtures but does not allow passage of amyloid. 

25. A method for determining whether a compound inhibits 
formation of A/5 amyloid which comprises: 

(a) assembling a first and a second reaction mixture, wherein each 
reaction mixture comprise, an equal amount of a prefiltered A/5 peptide 
soluuon, which contains at least the region in the A* peptide from amino acid 
number 6 to 28, and an aqueous buffer or physiological solution; 

(b) contacting each of the first and the second reaction mixtures 
with an equal amount of a candidate anti-amyloidotic agent; 

(c) contacting only the first reaction mixture with a heavy metal 
cation capable of binding to the peptide comprising at least amino acids 6 to 
28 of A/5; and 

(d) comparing the amount of amyloid formed in the first reaction 
mixture with that in the second reaction mixture, thereby determining whether 
the compound inhibits formation of A0 amyloid. 

26. A method for determining whether a compound inhibits 
formation of A/5 amyloid as claimed in claim 25. wherein the concentration 
of A0 peptide in the reaction mixture is about 0.8 pM. 

27. A method for determining whether a compound inhibits 
formation of A/5 amyloid as claimed in claim 25. wherein step (d) comprises 
the steps of: 

0) filtering the first and the second reaction mixtures, 
separately, through filters with a pore size that allows passage of the soluble 
A/5 peptide used in the reaction mixtures but does not allow passage of 
amyloid; and 
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Oi) comparing the amount of amyloid accumulated at steo 

mL : mtcn - *-* dctennwng cff ~ " * ~ 

amyloidotic agent, 

28. A method for de-em-ir-in, wteher , 



29. A method for determining whether a compound inhibits 
W ^'^8. te^. second cell cutorecon.prfa^.ce.l 

IT^T" " * h,ma v — -*« « - 

■two. of the Afi peptide from miM acid nmber 6 to M . 

fl» contacting eQuaJ concentradons of zinc to each cell culture* 
to cotm«in, the Bra all culture with *, endive ^ ^ 

con-c^ A , ^ cell cutor, v*h . heavy m,* cbe^r* .„„,; «„, 
«> comprtng me Mount of amyloid and zincindueed AS 

^f" "* ^ ^ to*™"** „ the 

candidate anti-amyloidotic agent. 

for™,/ 1 ' , .1 ^ ^ detCnnlning ^ a inhibits 
formaaon of A* amyloid as claimed in claim 30. wherein said heavy metal 
chealatmg agent is EDTA or Desferrioxamine. 

32. A method for determining whether a compound inhibits 
formation of A0 amyloid which comprises: 
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(a) establishing a first and a second cell culture comprising a cell 
line which expresses at least a human A0 peptide comprising at least the 
region of the AB peptide from amino acid number 6 to 28; 

(b) contacting the first cell culture with zinc to give a first reaction 
mixture; 

(c) contacting the first reaction mixture and the second cell culture 
with the candidate agent; and 

(d) comparing the amount of amyloid and zinc-induced AQ 
aggregates in each cell culture, thereby determining effectiveness of the 
candidate anti-amyloidotic agent. 

33, A kit for determining, whether a compound inhibits formation 
of A0 amyloid which comprises a carrier means being compartmentalized to 
receive in close confinement therein one or more container means wherein 

(a) the first container means contains a peptide comprising 
at least the region of the A8 peptide from amino acid number 6 to 28; and 

(b) a second container means contains a heavy metal cation. 

34, The kit of claim 33, wherein said A0 peptide is present as a 
solution in an aqueous buffer or a physiological solution, at a concentration 
above about 10 /iM. 

35, The kit of claim 34, wherein said concentration is about 10 to 
about 25 jiM. 

36, The kit of claim 33, wherein said A0 peptide is present in 
lyophilized form. 

37, The kit of claim 33, wherein said heavy metal cation is present 
as a metallochloride solution, at a concentration above about 300 nM. 
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38. The kit of claim 37, wherein said concentration is about 25 /xM. 

39. The kit of claim 37, wherein said heavy metal cation is zinc. 

40. The kit of claim 38, wherein said heavy metal cation is zinc. 

41. The kit of claim 33, further comprising 

(c) one or more container means containing standanl 
solutions of chealators of heavy metal cations. 

* 

42. The kit of claim 41, further comprising 

(d) one or more container means containing standard 
solutions of amyloid-staining dyes. 
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